The extracellular proteinases ofAspergillus oryzae EI 212 were separated into two active fractions by (NHJ)2SO4 and ethanol fractionation followed by diethylaminoethyl-Sephadex A-50 and hydroxyapatite chromatography. The molecular weight was estimated by gel filtration to be about 70,000 and 35,000 for proteinases I and II, respectively. Optimum pH for casein and hemoglobin hydrolysis was 6.5 at 60 C for proteinase I and 10.0 at 45 C for proteinase II, and for gelatin hydrolysis it was 6.5 at 45 C for both enzymes. The enzymes were stable over the pH range 6 to 8 at 30 C for 60 min. The enzyme activity for both the proteinases was accelerated by Cu2+ and inhibited by Fe2+, Fe3+, Hg2+, and Ag+. Halogenators (e.g., N-chlorosuccinimide) and diisopropyl fluorophosphate inhibited proteinase II. Sulfhydryl reagents such as p-chloromercuribenzoate and iodoacetate inhibited proteinase I. Sulfhydryl compounds accelerated the action of both enzymes.
In a previous communication (12) , we reported that Aspergillus oryzae EI 212 differs from other A. oryzae strains in its production and type of extracellular proteinases. It was also suggested that the enzyme preparation obtained is either a mixture of two enzymes or it possesses two kinds of functional groups that act differently at two optimal pH levels. In the present paper, we report the isolation, purification, and characterization of the proteinase system in greater detail.
MATERIALS AND METHODS
Culture and growth media. The culture (designated A. oryzae EI 212) history and maintenance have been described (19) .
Fermentation and enzyme isolation. Isolation of enzymes from moldy bran has been described by Kundu et al. (12) . Purification of the enzymes. Powdered (NH4)2SO4 was added slowly with constant stirring at 5 C to the supernatant liquid from moldy bran to 60% saturation. The fine precipitates that formed after 2 h of stirring were collected by centrifugation at 6 ,000 x g for 20 min, suspended in distilled water, dialyzed against several changes of distilled water at 5 C for 48-h and reprecipitated with ethanol. The precipitated fraction thus obtained by centrifugation (6,000 x g) was dissolved in 50 ml of 0.02 M phosphate buffer, pH 7.0, and further purified by fractionating through a diethylaminoethyl-Sephadex A-50 (Pharmacia Fine Chemicals, Sweden) column (2 by 24 cm). Active proteinase fractions (6 to 20) were combined and reprecipitated with 3 volumes of ethanol. The precipitate obtained by centrifugation (6,000 x g) for 15 (6) . For caseinolysis and hemoglobin digestion, 2% solutions of "casein alkaliloslich" and hemoglobin (E. Merck AG, Darmstadt, Germany) were employed, and for gelatin digestion 4% gelatin (E. Merck AG, Darmstadt, Germany) was used. Citrate-phosphate buffers (0.1 M) for pH 3.0 to 5.5, phosphate buffers for pH 6 .0 to 8.0, boric acid buffers for pH 8.5 to 9.0, and carbonate-bicarbonate buffers for pH 9.5 to 10.5 were employed during the study.
Eluted enzymes (66 Fgg of protein per ml for proteinase I and 46 gg of protein per ml for proteinase II) were diluted (1:5), and 1 ml of this diluted enzyme was added for every 5 8.6 . A potential of 300 V (13.5 mA/strip) was applied for 6 h at 30 C. After migration, the strips were stained with bromophenol blue. Activation energy. The study on activation energy was done as described by Han and Srinivasan (8) .
RESULTS
Purification of the enzymes. Preliminary examinations ofthe concentrated enzyme preparation showed the presence of significant amounts of amylases, invertases, proteinases, cellulase, hemicellulase, and a new a-glucanase (13) . The enzyme preparation was purified by fractionation on columns of diethylamino- Fig. 1 and 2 , respectively. The first protein peak (Fig. 1 ) from the diethylaminoethyl-Sephadex A-50 column contained most of the proteolytic activity, with a recovery of 40% of the initial proteinase activity. Finally, we obtained two proteinase fractions (peaks 4 and 5 in Fig. 2 ) from the hydroxyapatite column, purified approximately 75-fold in specific activity, with a total recovery of 20% of the initial proteinase activity. The results are given in Table 1 .
Purity of the enzymes. Homogeneity of the proteinase fractions was checked by paper electrophoresis. A single protein band was observed for each enzyme fraction that migrated towards the cathode and travelled a distance of 2.5 and 3.5 cm from the line of application for proteinases I and II, respectively.
Effect of temperature on the activity and stability of enzymes. The optimum temperature for activity was found to be 58 to 60 C at pH 6.5 and 45 C at pH 10.0 for proteinases I and II, respectively ( (Fig. 3 ). Activation energy. The effect of temperature on the initial velocities of substrate hydrolysis was studied over the range of 25 to 60 C in 50 increments. Figure 4 shows a conventional Arrhenius plot of the data. In the case of proteinase I, a discontinuity is observed at 40 C with an activation energy of 28,853 J/mol above, and that of 56,966 J/mol below, this temperature. An activation energy of 51,345.5 J/mol was calculated for proteinase II, no discontinuity being observed in this case.
Effect of pH on the activity and stability of enzymes. The optimum pH values for casein and hemoglobin digestion by proteinases I and II are 6.5 at 60 C and 10.0 at 45 C, respectively ( Fig. 5 and 6 ). With gelatin, however, the optimum pH for both the proteinases was found to be 6.5 at 45 C (Fig. 6) . When both proteinases were kept at 30 C for 60 min at various pH values, proteinase I was found to be more stable at pH 6.0 to 7.5 and proteinase II at pH 6.0 to 8.0. Both proteinases lost activity gradually on both sides of their respective stability ranges (Fig. 5) of Andrews (2), were found to be 70,000 and 35,000 (±5,000 each), respectively.
Kinetic parameters for casein hydrolysis. The effect of substrate concentration on the reaction velocity of casein hydrolysis is shown in Fig. 7 . According to the Lineweaver-Burke plot (15) (Fig. 8) , Km and V,, for casein hydrolysis were calculated to be 1.39% and 9.4 x 10-4 mmol/min per ml for proteinase I and 0.68% and 8.5 x 10-4 mmol/min per ml for proteinase II. Effect of urea on the stability of enzymes. The stability of the enzymes towards 8 a The enzymes were incubated in the presence and absence of an 8 M urea solution (pH 6.5) overnight at room temperature (30 C) and at refrigerator temperature (4 C). The residual activity was assayed by the caseinolysis method as described in the text.
b Sodium azide (0.02%) was added to prevent the growth of molds and bacteria. Sodium aside had no effect on the activity and stability of the enzymes.
found to be a neutral proteinase and fraction II an alkaline proteinase. In several of its properties, proteinase I resembles the neutral proteases from Aspergillus flavus (16) and A. oryzae (21, 25) , but it differs from them in many other properties. The activation by Cu2+ ions is unique in the case of neutral proteinase of this strain. It is known that Cu2+ inhibits the enzyme activity of many enzymes (19, 11, 13, 14, 22) . Recently it has been reported that Cu2+ activates the renin-like enzyme from Aspergil-VOL. 30, 1975 511 (28, 29) isolated an alkaline protease from Cephalosporium sp. having an optimum pH of 11 at 30 C and an optimum temperature of 50 C. This enzyme is stable at pH 4 to 9 for 1 h at 40 C. Proteinase II from A. oryzae is an alkaline proteinase having a pH optimum of 10.0. Our proteinase II, however, differs from Acremonium kiliense protease in its stability towards urea. Stability of proteinase II is decreased in an 8 M urea solution either at room temperature or at 4 C. The molecular weight (35,000) of proteinase II is slightly higher than Acremonium kiliense protease (28,000) and much higher than alkaline protease from Cephalosporium sp. (22, 500) . Proteinase II is also activated by Cu2l ions, a rare phenomenon. Km and Vmaz values have not been reported in the case of protease from Acremonium kiliense. These values differ in comparing the Cephalosporium enzyme with proteinase II (Km value, 0.125% for Cephalosporium sp. and 0.68% for proteinase II; Vmar, 10.2 x 10-2 for Cephalosporium sp. and 8.5 x 10-4 mmollmin for proteinase II). Inhibition by p-chloromercuribenzoate and iodoacetate and its reversal by cysteine, glutathione (reduced), and sodium thioglycolate indicate the presence of thiol groups in proteinase I, but proteinase II does not contain such groups (7, 8, 18) . Like Cephalosporium alkaline proteinase, the activity of proteinase II was also markedly inhibited by diisopropyl fluorophosphate. Moreover, it was also inhibited by Nchlorosuccinimide. These facts suggest that proteinase II might be classified as a serine enzyme (28) . From this discussion, we conclude that the proteinase system of A. oryzae EI 212 contains two distinctly new proteinases.
